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PHYSICAL LAYER REPEATER WITH
DISCRETE TIME FILTER FOR ALL-DIGITAL
DETECTION AND DELAY GENERATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. provisional appli-
cation Ser. No. 60/647,385, filed on Jan. 28, 2005 and entitled
DISCRETE-TIME BANDPASS FILTER, the contents of
which are incorporated herein by reference. This application
is also a continuation-in-part of U.S. application Ser. No.
10/531,078, filed on Apr. 12, 2005 and entitled WIRELESS
LOCAL AREA NETWORK REPEATER WITH AUTO-
MATIC GAIN CONTROL FOR EXTENDING NETWORK
COVERAGE, which in turn claims priority from interna-
tional application PCT/US03/29130, filed on Oct. 15, 2003
and entitled WIRELESS LOCAL AREA NETWORK
REPEATER WITH AUTOMATIC GAIN CONTROL FOR
EXTENDING NETWORK COVERAGE, which in turn
claims priority from U.S. provisional application Ser. No.
60/418,288, filed on Oct. 15, 2002 and entitled AGC TECH-
NIQUES FOR WLAN REPEATER, the contents of these
applications being incorporated herein by reference. In addi-
tion, this application is also a continuation-in-part of U.S.
application Ser. No. 10/533,589, filed on May 3, 2005 and
entitted WIRELESS LOCAL AREA NETWORK
REPEATER WITH DETECTION, which in turn claims pri-
ority from international application PCT/US03/35050, filed
on Nov. 17, 2003 and entitled WIRELESS LOCAL AREA
NETWORK REPEATER WITH DETECTION, which in
turn claims priority from U.S. provisional application Ser.
No. 60/426,541, filed on Nov. 15, 2002 and entitled DETEC-
TION TECHNIQUES FOR A WLAN REPEATER, the con-
tents of these applications being incorporated herein by ref-
erence.

FIELD OF THE INVENTION

The present invention relates generally to wireless local
area networks (WLANs) and, particularly, the present inven-
tion relates to a discrete time bandpass filter capable of being
used, for example, in a WLAN repeater.

BACKGROUND OF THE INVENTION

WLAN repeaters operating on the same frequencies have
unique constraints due to the above spontaneous transmission
capabilities and therefore require a unique solution to prob-
lems arising from the use of the same frequencies. Since
repeaters use the same frequency for receive and transmit
channels, some form of isolation must exist between the
receive and transmit channels of the repeater. While some
related systems such as, for example, CDMA systems used in
wireless telephony, achieve channel isolation using sophisti-
cated techniques such as channel coding, directional anten-
nas, physical separation of the receive and transmit antennas,
or the like, such techniques are not practical for WLAN
repeaters in many operating environments such as in the
home where complicated hardware or lengthy cabling is not
desirable or may be too costly.

Challenges in the development of a wireless repeater
include delaying IF processing in connection with signal
detection to allow time to reliably detect the incoming signal
and perform transmitter setup for repeating operation. One
system, described in International Application No. PCT/
US03/16208 and commonly owned by the assignee of the
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present application, resolves many of the above identified
problems by providing a repeater which isolates receive and
transmit channels using a frequency detection and translation
method. The WLAN repeater described therein allows two
WLAN units to communicate by translating packets associ-
ated with one device at a first frequency channel to a second
frequency channel used by a second device. In order to pro-
vide accurate repeating capability certain components such as
bandpass filter elements, delay elements, and the like are used
and are typically provided through the use of discrete com-
ponents or subsystems, such as filter elements, delay line
units, or the like. As production for such repeaters increases,
so does the need to reduce costs by reducing part counts, form
factor, and the like. Thus the corresponding need to decrease
the costs of individual components increases making it desir-
able to replace certain discrete high cost components such as
bandpass filters, delay lines and the like with more cost effec-
tive devices.

SUMMARY OF THE INVENTION

In accordance with various exemplary embodiments, RF in
circuit propagation delays may be used to facilitate rapid
detection by allowing analog storage of received waveforms
while signal detection and transmitter configuration take
place within digital sections. Signal detection may be per-
formed prior to the expiration of RF delay periods, thereby
providing additional time to perform the required configura-
tion for the system. Further an all digital delay line can be
used to facilitate the performance of detect and delay in
parallel in an all digital implementation.

RF delays previously implemented using Surface Acoustic
Wave (SAW) filters can be replaced with a discrete bandpass
filter in accordance with various exemplary embodiments.
While SAW filters provide the capability to enable analog
signal storage, to provide channel selection, to provide jam-
mer suppression, to provide a “feed-forward” variable gain
control path, and the like, they can be expensive to implement.
Thus the exemplary discrete bandpass filter can further be
used to replace delay line elements which can also be expen-
sive to implement particularly where SAW filters are used.

In the exemplary discrete-time bandpass filter sampling
delay lines can be used to replace SAW based delay lines
digital samples or analog samples can be processed depend-
ing on implementation constraints such as die size and the
like. For example in applications where die sizes are limited,
the components associated with generating and processing
digital samples may be too large or expensive to implement.
An alternative is to perform discrete-time sampling of analog
waveforms avoiding conversion devices and other digital
components.

A discrete-time analog bandpass filter can be configured to
select a desired channel from undesired signals in an RF
digital communications receiver. The discrete time analog
bandbass filter can include a preliminary filter stage config-
ured to provide a decimation and/or a delay of an input signal
to provide a decimated input signal. An intermediate filter
stage can be configured to provide bandpass filtering of the
decimated input signal and a terminal filter stage configured
to provide an interpolation and/or a delay of the filtered input
signal.

In another embodiment, a discrete-time analog bandpass
filter can shape a spectrum of a transmitted signal in an RF
digital communications transmitter. The discrete time analog
bandbasss filter for such shaping can also include a prelimi-
nary filter stage configured to provide a decimation and/or a
delay of the transmitted signal to provide a decimated trans-
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mit signal. An intermediate filter stage can be configured to
provide a bandpass filtering of the decimated transmit signal
to provide a filtered transmit signal. A terminal filter stage can
be configured to provide an interpolation and/or a delay of the
filtered transmit signal.

A discrete-time analog bandpass filter has multiple filter
stages including a preliminary filter stage, an intermediate
filter stage, and a terminal filter stage, the discrete-time ana-
log bandpass filter comprising at least a decimating filter, an
interpolating filter, and a single-rate filter. A bandpass fre-
quency range associated with the discrete time analog band-
pass filter is translated between a first range and a second
range by multiplication of a frequency associated with the
decimating filter, the interpolating filter, and the single-rate
filter by a periodic signal.

In accordance with various exemplary embodiments, a
sampling rate associated with one or more of the preliminary
filter stage, the intermediate filter stage, and the terminal filter
stage is adjustable. Further, a center frequency associated
with the one or more of the preliminary filter stage, the inter-
mediate filter stage, and the terminal filter stage is adjustable.
A pass bandwidth associated with the one or more of the
preliminary filter stage, the intermediate filter stage, and the
terminal filter stage is adjustable. A stop bandwidth associ-
ated with the one or more of the preliminary filter stage, the
intermediate filter stage, and the terminal filter stage is adjust-
able. A stop band attenuation associated with the one or more
of the preliminary filter stage, the intermediate filter stage,
and the terminal filter stage is adjustable, where different stop
band attenuations are included associated with different fre-
quency ranges, for rejecting known signals. A group delay
associated with the one or more of the preliminary filter stage,
the intermediate filter stage, and the terminal filter stage is
adjustable. The frequency response associated with the one or
more of the preliminary filter stage, the intermediate filter
stage, and the terminal filter stage is adaptive in such a way as
to minimize an error signal constructed from an output of the
one or more.

It is important to note that a discrete-time analog bandpass
filter is configured to perform a discrete-time delay line func-
tion, and a discrete-time filter function performed in parallel
with a detection function, such as where the discrete-time
delay line function the discrete-time filter function are per-
formed as a continuous amplitude sampled delay line func-
tion. The discrete time analog bandpass filter and in particular
the discrete-time filter function is implemented using a sum
of'weighted currents derived from the sampled delay line and
implemented using one or more of a resistor ratio, a variable
resistive structure including a Field Effect Transistor. Alter-
natively, the discrete-time delay line function is implemented
as a digitally sampled delay line having quantized samples
and the detection function is performed using the quantized
samples in parallel with the discrete-time filter function.

In other embodiments, the detection is performed by
another circuit in parallel with the delay line and filter struc-
ture. The discrete time delay line function can also be per-
formed using a discrete time sampled delay line to compen-
sate for a delay of a signal detection circuit such that control
action is performed prior to a detected signal being available
at an output of the discrete time sampled delay line and
samples generated from the discrete time sampled delay line
are input to multiple filters included in a detector circuit such
as a correlator or alternatively a power detector.

After detection and delay, the discrete-time sampled delay
line and the multiple filter structure can include a variable
gain amplifier, automatic gain control circuit including the
variable gain amplifier, or the like. Further, the power detec-
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tion circuit can generate a power detection output, and
wherein the automatic gain control circuit including the vari-
able gain amplifier. The power detection circuit can be con-
figured to receive an input associated with the discrete-time
sampled delay line or can be configured to receive an external
input.

It will also be appreciated that in accordance with many
embodiments, the exemplary discrete time analog bandpass
filter can be located in a wireless communication system,
network or the like and further can be implemented in a device
such as wireless repeater, operating using, for example, a time
division duplexed protocol.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, where like reference numerals
refer to identical or functionally similar elements throughout
the separate views and which together with the detailed
description below are incorporated in and form part of the
specification, serve to further illustrate various embodiments
and to explain various principles and advantages in accor-
dance with the present invention

FIG. 1 is a diagram illustrating the placement of an exem-
plary discrete time bandpass filter in an Intermediate Fre-
quency (IF) processing path in accordance with various
exemplary embodiments.

FIG. 2 is a diagram illustrating various stages of an exem-
plary discrete time bandpass filter in an Intermediate Fre-
quency (IF) processing path in accordance with various
exemplary embodiments.

FIG. 3 is a diagram illustrating an exemplary stage 1 of'the
discrete time bandpass filter in accordance with various
exemplary embodiments.

FIG. 4 is a graph illustrating exemplary responses of stage
1 of FIG. 3, in accordance with various exemplary embodi-
ments.

FIG. 5 is a diagram illustrating an exemplary stage 2 of'the
discrete time bandpass filter in accordance with various
exemplary embodiments.

FIG. 6 is a graph illustrating exemplary responses of stage
2 of FIG. 5, in accordance with various exemplary embodi-
ments.

FIG. 7 is a diagram illustrating an exemplary stage 3 of'the
discrete time bandpass filter in accordance with various
exemplary embodiments.

FIG. 8 is a graph illustrating exemplary responses of stage
3 of FIG. 7, in accordance with various exemplary embodi-
ments.

FIG. 9 is a diagram illustrating an exemplary stage 4 of the
discrete time bandpass filter in accordance with various
exemplary embodiments.

FIG. 10 is a diagram illustrating an exemplary stage 5 of the
discrete time bandpass filter in accordance with various
exemplary embodiments.

FIG. 11 is a diagram illustrating components capable of
being replaced with an exemplary discrete-time bandpass
unit in accordance with various exemplary embodiments.

FIG. 12 is a circuit diagram illustrating various hardware
components associated with an exemplary repeater configu-
ration.

FIG. 13 is a circuit diagram further illustrating various
hardware components associated with signal processing in an
exemplary repeater configuration capable of implementing a
discrete time filtering in accordance with the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

It will be appreciated that by way of general summary, the
discrete time bandpass filter of the present invention can
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provide a discrete time delay line in either digital or analog to
compensate for the delay in detection of a signal in a wireless
repeater. The present invention can be used to minimize or
eliminate clipping of re-transmitted signals from the wireless
repeater which can operate using a TDD frequency transla-
tion scheme.

An exemplary delay line can be used to perform discrete
time filtering such as FIR, IIR, multi-rate or the like, by
inputting delay line output to multiple selectable filters, such
as filters with selectable taps, correlation filters, power detec-
tion filters which can be used as inputs to the wireless
repeater, or the like.

Output of the exemplary delay line can be used to control a
variable gain adjustment affecting the output signal level
from one/all of the filters or the delay line. It will be appreci-
ated that a variable gain element in the discrete-time sampled
delay line and multiple filters can constitute at least part of an
automatic gain control unit or circuit.

In accordance with various embodiments, as shown in FIG.
1, an exemplary discrete-time analog bandpass filter 110 con-
taining for example a discrete-time analog bandpass element
103 for use at intermediate frequencies (IF) in the range
400-600 MHz can be designed for operation using parameters
as outlined hereinbelow. It should be noted that while
described as a discrete time analog bandpass filter, the exem-
plary filter can also be implemented as an analog filter. The IF
input signal 101 which can be generated in a manner typical
in the art, such as from IF converter 100 including an In-phase
(D) Data and Quadrature (Q) Data signal mixed with a Local
Oscillator (LO). The IF input signal 101 can be processed in
the anti aliasing filter 102, and be input into a first processing
stage of the discrete-time analog bandpass filter element 103.
The output of the discrete-time analog bandpass filter element
103 can be input to an analog reconstruction filter 104 and an
IF output signal 105 can be generated. The IF output signal
105 can further be output to an Automatic Gain Controller
(AGC) 106 for further processing as will be appreciated by
one of ordinary skill in the art.

Filter characteristics used in accordance with various
exemplary embodiments are shown in Table 1. It should be
noted that the sampling aperture jitter is based on 1 degree of
jitter at 600 MHz. Accordingly, the exemplary filter is cen-
tered at the upper end of the IF range, so that the more
challenging aspects of implementation can be addressed.

TABLE 1
Sample Filter Characteristics.
Characteristic Value
Center frequency 600 MHz
Pass bandwidth >18 MHz
Passband ripple <0.25 dB
Stop bandwidth <26 MHz
Stop band attenuation >50 dB
Group delay >300 ns
Sampling aperture jitter <4.6 ps

Since the exemplary filter uses sampled data, aliased pass
bands are responded to at the input, and alias pass band
images are generated at the output. Therefore, as noted and as
illustrated in FIG. 1, the analog anti-alias filter 102 such as a
lowpass filter must be inserted at the input to the discrete-time
analog bandpass filter element 103, and the analog recon-
struction filter 104 must be inserted at the output of the dis-
crete-time analog bandpass filter element 103.
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The exemplary filter is implemented as a discrete-time,
continuous-amplitude filter, so that ADCs and DACs are not
used. Feasibility of an exemplary discrete time filter in accor-
dance with various exemplary embodiments can preferably
be evaluated separately for each of the filter stages to be
described hereinafter. It will be appreciated that simplified,
but still useful filter configurations can be obtained by using
some, but not all, of the stages. It may further be possible to
reduce the number of taps in some stages, so that the tap
counts shown should be taken as starting points, for example
for illustrative purposes.

In order to properly evaluate feasibility of the exemplary
discrete time filter in accordance with a particular application,
the following issues merit consideration and can include for
example, sampling rate, number of taps, filter coefficient ratio
tolerance, maximum feasible tap attenuation, parasitic leak-
age paths (especially reactive), voltage droop noting that tap
coefficients could be adjusted to partially compensate for
predictable droop, clock jitter, aperture jitter, phase noise,
signal integrity, including linearity, harmonic distortion,
intermodulation, thermal noise, switching noise, dynamic
range, stage-to-stage isolation, crosstalk, filter-to-filter isola-
tion where 2 or more filters reside on the same chip. In
addition to the above noted issues, specific issues related to
the use of ASIC technology should be considered including
fabrication process such as RF CMOS, SiGe BiCMOS, and
the like, and fabrication geometry such as die size, power
consumption.

In accordance with various exemplary embodiments, the
filter design can include five stages, as shown in FIG. 2. Thus
the output of the analog anti-alias filter 102 can be input to a
Stage 1 201 of the discrete-time analog bandpass filter ele-
ment 103. The Stage 1 201 is a 2:1 decimator and can be
followed by a Stage 2 202 which is a 4:1 decimator. Both the
Stage 1 201 and the Stage 2 202 use a polyphase implemen-
tation. A Stage 4 204 and a Stage 5 205 can use the same filter
coefficients as the Stage 1 201 and the Stage 2 202, but are
configured as polyphase interpolators. A Stage 3 303 can be a
steep-skirted bandpass filter, which is run at one-eighth of the
input or output sampling rate of the discrete-time analog
bandpass filter element 103.

Input and output sampling rates for each stage are shown in
Table 2, both for the 600 MHz IF used in the sample design,
and for the general case. With these sampling rates, the low-
est-frequency alias is centered at 2143 MHz. Thus, the anti-
alias and reconstruction filters must have sufficient attenua-
tion at 2143 MHz to achieve the desired distortion level.

An exemplary group delay for each stage in the discrete
time analog bandpass filter is shown in Table 3. The total
group delay is close to 500 ns.

TABLE 2

Filter Stage Sampling Rates.

Sampling Rates (MHz) Sampling Rates (MHz)

for 600 MHz IF for f~- MHz IF
Stage Input Output Input Output
1 2743.000 1371.500 32/T)* ¢ (16/7)* ¢
2 1371.500 342.875 (16/7)*f ¢ (4/7)*
3 342.875 342.875 4/7)* (4/T)*fC
4 342.875 1371.500 4/ (16/7)* ¢
5 1371.500 2743.000 (16/7)*f ¢ B32/T)* ¢
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TABLE 3

Filter Group Delay, by Stage.

Group Delay
(ns)

16
17
429
17
16

Stage

[ N T S

Total 495

A diagram for exemplary components associated with the
Stage 1 201 of discrete-time analog bandpass filter element
103 is shown in FIG. 3. The Stage 1 201 can include an input
sampler 302, such as an input sample-and-hold stage, which
can receive an input from IF signal input 301. The Stage 1,
201 further includes two delay lines such as a 42 tap Finite
Impulse Response (FIR) filter 303 and a 21 clock cycle delay
line 304, and a summer 307, and an output sampler such as an
inversion sample 308 configured, for example, to invert every
other sample output from the summer 307. The 42 tap FIR
filter 303 can be clocked with a 1371.5 MHz Phase 1 clock
305 and is configured as a finite impulse response (FIR),
transversal filter, or the like, which can function as a delay
line. The 21 clock cycle delay line 304 can be clocked with a
1371.5 MHz Phase 2 clock 306 and is configured as a simple
delay line. The output of the 42 tap FIR filter 303 and the 21
clock cycle delay line 304 are added in the summer 307,
which is updated at half the input sampling frequency in
inversion sampler 308.

It should be noted that the continuous-time analog input
signal can be sampled at 2743 MHz using for example, a fast
sample-and-hold circuit or the like as will be appreciated by
one of ordinary skill in the art. Two half-frequency clock
phases at 1371.5 MHz and 180 degrees out of phase from each
other, such as the 1371.5 MHz Phase 1 clock 305 and the
1371.5 MHz Phase 2 clock 306, are generated from the 2743
MHz clock. The 1371.5 MHz Phase 1 clock 305 and the
1371.5 MHz Phase 2 clock 306 can be used to clock the “odd”
beat samples into the 42 tap FIR filter 303 and the “even” beat
samples into the 21 clock cycle delay line 304. The outputs of
the 42 tap FIR filter 303 and the 21 clock cycle delay line 304
are summed as noted above in summer 307 and re-sampled in
inversion sampler 308 at an output sampling rate associated
with the 1371.5 MHz Phase 1 clock 305.

The inversion sampler 308, which, as noted, uses the
1371.5 MHz Phase 1 clock 305, inverts the polarity of every
other sample. The alternate sample polarity inversion effec-
tively multiplies the output signal by a 685.75 MHz sampled
sine wave yielding a single mixing product at 85.75 MHz,
which serves as an internal “second IF.” It will be appreciated
that the Stage 3 203 bandpass filter element can be centered at
85.75 MHz. The output of the inversion sampler 308 can be
input to Stage 2 at 309. Tap coefficients for the 42 tap FIR
filter 303 are symmetrically equal. Accordingly coefficients 1
and 42 are equal, coefficients 2 and 41 are equal, coefficients
3 and 40 are equal, and so on. Tap coefficients may either be
positive, such as non-inverting or negative such as inverting.
The taps with the smallest ratios such as taps located at the
filter’s ends can have the value of, for example, 0.000270
which corresponds to an attenuation of 71.4 dB.

The Stage 1 201 filter element frequency response 410 and
420 and a group delay curve 430 are shown in FIG. 4. In the
wide scale frequency response graph 410, trace 411 shows the
response from around 0 to around 1200 MHz. The vertical
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dashed lines in the vicinity of 412 show the approximate
location of the 40 MHz wide passband; and the vertical
dashed lines in the vicinity of 413 show the corresponding
image. The narrow scale frequency response graph 420 shows
aportion of the pass band such as from 421 to 422. The group
delay graph 430 shows trace 431 which indicates a relatively
constant group delay at approximately 15 ns across the fre-
quency spectrum from around 570 MHz to around 630 MHz.
It should be noted that the graphs 410, 420, and 430 do not
reflect the inversion of alternate samples at the Stage 1 output
sampler.

In accordance with various exemplary embodiments, a dia-
gram for Stage 2 202, which can be used to implement a
decimate-by-4 polyphase filter, is shown in FIG. 5. The Stage
2 202 can include three 12-tap FIR filters 502, 503, and 504
having three different coefficient sets respectively. The Stage
2 202 can further include a 6 tap delay line 505, an output
summing node 506, and an output sampler 507. It should be
noted that in the Stage 2 202, there is no alternate sample
polarity inversion in the output sampler. Input samples arrive
from the Stage 1 201 at 501 at a 1371.5 MHz rate. Four
342.875 MHz clock phases 520, 530, 540, and 550, shifted at
90 degree intervals, are generated from the basic 1371.5 MHz
clock. The four phases 520, 530, 540, and 550 are used to
clock every fourth sample into a given branch in, for example,
a round robin order such as from top to bottom and so on.
While, as noted filter coefficients are different for the three
12-tap FIR filters 502, 503, and 504, the smallest filter coet-
ficient is, for example, 0.000632, which corresponds to an
attenuation of 64.0 dB. The output of the three 12-tap FIR
filters 502, 503, and 504, and the 6 tap delay line 505 can be
output and combined in a summer 506, and sampled in a
sampler 507 at 342.875 MHz clock Phase 1 520 for output to
Stage 3 203 at 508.

It will be appreciated that the frequency response and
group delay for the Stage 2 202 is shown in FIG. 6. In wide
scale frequency response graph 610 the vertical dashed lines
in the vicinity of 611 and in the vicinity of 612 demarcate a 40
MHz passband, with the vertical dashed lines in the vicinity
of 612 showing the image with the lowest frequency. In the
narrow scale frequency response graph 620 the passband
region is noted with greater resolution, for example, between
around 621 and around 622. The group delay graph 630 is
shown where trace 631 is relatively flat at around 18 ns across
the passband.

The Stage 3 203 filter element can be a long FIR filter 622
operating at a sampling rate of 342.875 MHz 630. It will be
appreciated that by using the term “long” in connection with
the FIR filter 622, an approximation of an Infinite Impulse
Response filter is intended. Such filters can use a large num-
ber of taps or can be designed in a manner to approximate an
IIR response as will be appreciated. The response of the FIR
filter 622 is symmetric with respect to an 85.71875 MHz
center frequency, which is exactly one quarter of the sampling
rate. Note that the filter’s center frequency (85.71875 MHz) is
slightly different from the “second IF” (85.875 MHz). The
difference occurs because the input sampling rate is rounded
to 2743 MHz, from its target design value 0f2742.857 MHz=
(32/7)*600 MHz. The resulting difference is not significant
for the application described herein. The specific choice of
center frequency yields a stage 3 design in which around half
of the coefficients are zero. The FIR filter 622 has an order of
294, such as 0 to 294 coeflicients or 295 total coefficients. Of
the 295 coefficients, only 147 have non-zero values. The
smallest coefficient has the value of, for example,
0.000108775 relative to the value of the center tap, which
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requires an attenuation of 79.3 dB. It will further be appreci-
ated that samples generated from a sampler 620 can be output
to the Stage 4 204 at 621.

The frequency response and group delay for the Stage 3
203 is shown in FIG. 8. In wide scale frequency response
graph 810 the vertical dashed lines in the vicinity of 812
demarcate an approximate 20 MHz passband centered at
85.71875 MHz as noted above, section 811 shows the low
frequency stop band with a corresponding high frequency
stop band to the right of passband section 812. In the narrow
scale frequency response graph 820 the passband region is
noted with greater resolution, for example, between around
822 and around 823 centered, as noted at 821 and around
85.71875 MHz. The group delay graph 830 is shown where
trace 831 is relatively flat at around 428 ns across the pass-
band.

The Stage 4 204 is a 1:4 polyphase interpolator using three
12-tap FIR filters 902, 903, and 904 having three different
coefficient sets respectively and a 6 tap delay line 905 in the
manner described, for example, in connection with FIG. 5,
arranged as in FIG. 9. Samples are received from Stage 3 at
901 a 342.875 MHz sampling rate. Each input sample is
clocked into each of the four branches associated with the
three 12-tap FIR filters 902,903, 904, and the 6 tap delay line
905, which are updated at the same time. At the output of the
three 12-tap FIR filters 902,903, 904, and the 6 tap delay line
905, the equivalent of a single pole, quadruple throw (1P4T)
rotary switch 906 steps through positions at a 1371.5 MHz
rate 909, sampling each of the four branch values before
updating in an inversion sampler 907 which is configured to
invert the polarity of every other sample converting the
85.875 MHz “second IF” back to 600 MHz for output to the
Stage 5 205 at 908.

It will be appreciated that the frequency response and
group delay for the Stage 4 204, for example, as referenced to
the output sampling rate, is the same as that for Stage 2 as
show, for example, in FIG. 6.

The Stage 5 205 is a 1:2 polyphase interpolator using
components such as a 42 tap Finite Impulse Response (FIR)
filter 1002 and a 21 clock cycle delay line 1003 as described
above, for example, in connection with the Stage 1 201. At
1001, the output from the Stage 4, 204 can be input to the 42
tap Finite Impulse Response (FIR) filter 1002 and the 21
clock cycle delay line 1003 for processing in accordance with
a 1371.5 MHz clock 1008. The output of the 42 tap Finite
Impulse Response (FIR) filter 1002 and the 21 clock cycle
delay line 1003 can be sampled by the equivalent of a rotary
switch 1004 which can be input to sampler 1005. The output
at 1006 is the IF signal output which can be gain controlled or
the like as noted above.

It will be appreciated that in accordance with various
exemplary embodiments, the present invention can be used to
replace components which may be expensive or redundant in
certain wireless repeaters. For example, a more common
approach to performing repeating in accordance with various
exemplary embodiments, is shown for example in FIG. 11.
The antenna 1100 transforms received radio waves to a volt-
age signal and feeds the voltage signal to an isolator 1105.
Alternatively, the isolator may not be included depending
upon the type of different antenna configurations used. Two
of'these embodiments including such antenna configurations
will be described below. The isolator 1105 allows a signal to
pass from the antenna 1100 to a Low Noise Amplifier (LNA)
1110 and from a power amplifier 1125 to the antenna 1100,
but blocks or isolates the LNA 1110 from the power amplifier
1125. Other embodiments of the isolator 1105 could include,
but are not limited to, circulators, directional couplers, split-
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ters, and switches. For instance, switches may be used with
the dual directional antenna configuration. A signal received
and transformed by the antenna 1100 passing through the
isolator 1105 is fed to the LNA 1110, which amplifies the
signal and sets the noise level at that point. A signal amplified
by the LNA 1110 is fed to an RF splitter 1115, which per-
forms an RF power splitting, or coupling, function on the
signal to split the signal into two different paths for frequency
F1 and F2 for example. The splitter 1115 could also be a
directional coupler or any device that can separate one signal
into two signals.

At this point, one skilled in the art will readily recognize
that the antenna 1100, the LNA 1110 and the RF splitter 1115
are the primary components forming a receiver in an exem-
plary repeater. Further, one skilled in the art will readily
recognize that the antenna 1100, the power amplifier 1125,
the amplifier 1130, the filter 1135, the switch 1145 and the
mixer 1150 are the primary components forming a transmitter
in an exemplary repeater. In an alternative embodiment, the
antenna 1100 and isolator 1105 could be replaced with dual
antennas isolated by directivity or polarization, or other tech-
niques known to those skilled in the art. Such dual antennas
could be connected to the LNA 1110 and the power amplifier
1125.

The output of the splitter 1115 can be input to an exemplary
discrete-time bandpass filter unit 1116 as described herein
wherein mixers 1120, 1121 can act as frequency conversion
devices that mix signals passed from the splitter 1115 with
signals output from the local oscillators 1140, 1141 at respec-
tive frequencies designated as L.O1, LO2 to produce interme-
diate frequency (IF) or typically lower frequency signals. It
will be appreciated that the local oscillators 1140, 1141 are
tuned to the different frequencies LO1, LO2 such that two
different signals at two different frequencies fed from the
splitter 1115 can be converted to a common IF frequency. It
will be appreciated that the mixers 1120 and 1121 can be
integrated into the discrete-time bandpass filter 1116 or can
be used externally to feed splitters 1123 and 1123 which are
integrated into the discrete-time bandpass filter 1116.

The splitters 1123, 1124, which operate the same as the
splitter 1115 described above, separate the IF signals output
from the respective mixers 1120, 1121 into two different
paths. One path from each of the splitters 1123, 1124 goes to
delay lines or delay line filters 1160, 1161, respectively, while
the other path from each of the splitters 1123, 1124 goes to
detection filters 1165, 1166, respectively. In accordance with
various exemplary embodiments delay line filters 1160, 1161
and detection filters 1165, 1166 can be integrated into the
discrete time bandpass filter unit 1116.

The delay line filters 1160, 1161, or the equivalent func-
tions carried out using the discrete-time bandpass filter unit
1116, which are preferably band pass filters with delays,
remove all outputs from the mixing operation except the
desired frequency components. Preferably, the delay line fil-
ters 1160, 1161 have a sufficient time delay such that the
detection and control unit 1162 can detect which of the two
RF frequencies is present and perform control functions
described below prior to the signals being available at the
output of the delay line filters 1160, 1161, as detectors 1170,
1171 are in parallel with the delay line filters 1160, 1161
within the discrete-time bandpass filter unit 1116. It should be
noted that if it is acceptable to truncate a portion of the first
part of the RF signal, then the delay line filters 1160, 1161
would not need specified delays.

One skilled in the art will readily recognize that the mixers
1120, 1121, the splitters 1123, 1124 and the delay line filters
1160, 1161 are the primary components forming a frequency
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converter in the exemplary repeater. The detection filters
1165, 1166 in the detection and control unit 1162 also per-
form the same type of band pass filtering as the delay line
filters 1160, 1161, and thus can be integrated into the discrete-
time bandpass filter unit 1116. The main difference is that the
detection filters 1165, 1166 are preferably fast filters without
specified long time delays. Additionally, the detection filters
1165, 1166 preferably do not require the same level of filter-
ing performance as the delay line filters 1160, 1161, although
one skilled in the art would recognize that varying filter
performance within the confines of performing the filtering
objective can be a design choice notwithstanding the chal-
lenges of incorporating the respective functions into the dis-
crete-time bandpass filter element 1116 in accordance with
various exemplary embodiments. One skilled in the art would
also recognize that filters or devices other than band pass
filters might be used to perform the above discussed band pass
functions.

Power detectors 1170, 1171 are simple power detection
devices that detect if a signal is present on either of the
respective frequencies F1, F2 and provide a proportional
voltage output if the signal is present. Many types of analog
detectors that perform this function may be used and can
either be integrated or can be external devices. For example,
such detectors could include, but are not limited to, diode
detectors. Such diode detection could be performed at RF, IF
or base band. Detectors providing higher performance than
simple power detectors may also be used. These detectors
may be implemented as matched filters at RF or IF using SAW
devices, and matched filtering or correlation at base band
after analog to digital conversion. The power detectors 1170,
1171 are used to determine the presence of a wireless trans-
mission on one of the two IF channels by comparing signals
on the two IF channels with a threshold. Such a threshold
could be predetermined or calculated using for example, a
portion of the discrete-time bandpass filter element 1116
based on monitoring the channels over time to establish a
noise floor.

Further, the power detectors 1170, 1171 may be used to
determine start and stop times of a detected transmission. The
proportional voltage output by one of the power detectors
1170, 1171 in response to signal detection will be used by the
microprocessor 1185 to control the retransmission of the
signal. One of ordinary skill in the art will recognize that the
power detection can be placed earlier or later in the signal
processing path, as it is possible to detect signals so that the
retransmission process may be switched on or off. Further,
one of ordinary skill in the art will recognize that techniques
for determining or limiting transmission time can be
employed, including but not limited to placing a time limit on
retransmission using a timer.

The filters 1175, 1176 are low pass filters and preferably
have narrower bandwidths than the detection filters 1165,
1166. The filters 1175, 1176 are required to remove the high
frequency components that remain after signal detection in
the power detectors 1170, 1171 and to provide an increase in
signal to noise ratio by providing processing gain by reducing
the detection signal bandwidth. The signals output from low
pass filters 1175, 1176 are input to conventional analog to
digital converters 1180, 1181. It will further be appreciated
that while analog to digital converters 1180 and 1181 are
shown as being outside the discrete-time bandpass filter unit
1116. In a digital implementation it will be appreciated that
digital to analog converters may be used in place of analog to
digital converters 1180 and 1181 and a set of analog to digital
converters can be used, for example, at the output of the
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splitters 1123 and 1124, inside the discrete-time bandpass
filter unit 1116, although, as noted, such a configuration can
lead to additional expense.

After the analog to digital converters 1180, 1181 convert
the analog signal representing the detected power of the radio
frequency RF signals power envelopes to digital signals in a
manner well known to those skilled in the art, the resulting
digital signals are sent to the microprocessor 1185. The
microprocessor 1185, which can also be described as a logic
state machine, digital signal processor, or other digital pro-
cessing and control device, can be programmed to implement
all necessary control algorithms to, with a high probability of
certainty, detect the presence of either F1 or F2 and initiate
appropriate control functions.

Alternatively, it should be noted that comparator detectors
(not shown) with adjustable threshold controls may be used in
place of the analog to digital converters 1180, 1181 and the
microprocessor 1185 particularly in an analog implementa-
tion of the discrete-time bandpass filter unit 1116. Further, the
control outputs of the microprocessor 1185 could be alterna-
tively connected directly to digital gates to control the switch-
ing where input to these gates is taken directly from the
comparator detector outputs. Further input to the digital logic
may come from the microprocessor 1185 to allow for over-
ride control to the settings provided from the comparator
detector’s output. In this case the microprocessor 1185 would
continue to control the detection and display functions, but;
however, it is likely the control of the variable gain amplifier
1130 would be controlled directly from the power detectors
1170, 1171 using analog signals. Logarithmic amplifiers (not
shown) can work off the envelope of the low pass filters can
control the functions of an exemplary automatic gain control.

Feedback to a user can be controlled by the microprocessor
1185 via an indicator 1190 which could be, but is not limited
to, a series of light emitting diodes. Feedback to the user could
be an indication that the wireless repeater 200 is in an accept-
able location such that either or both frequencies from the
wireless access point 100 and the client device 105 can be
detected, or that power is supplied to the wireless repeater
200.

Once either of the frequencies F1, F2 is detected, the
microprocessor 1185 controls switches 1145, 1155. The
switch 1155 is switched to allow the detected signal, either on
F1 or F2, which is at an IF frequency, to be routed to the input
of a frequency converter 1150, which is another frequency
translation device similar to the mixers 1120, 1121. Addition-
ally, the microprocessor 1185 will set the switch 1145 to
allow a signal from the appropriate one of the local oscillators
1140, 1141 to be routed to the mixer 1150 so that the IF
frequency at the input to the frequency converter 1150 is
translated to the proper frequency at the output thereof.

With reference to FIG. 12, a physical layer repeater circuit
1200 is shown for receiving on two frequency channels. A
local oscillator LO 1 1201 can be used to drive one set of
receive and transmit channels for down-conversion and up-
conversion through an input mixer 1210 on the receive side
and an output mixer 1235 on the transmit side. For down-
conversion, the input mixer 1210 mixes a signal received
from, for example, an antenna and inputs the mixed signal to
amplifier 1212 as will be appreciated. The output of amplifier
1212 passes through a bandpass filter element 1214 the output
of which is transferred to amplifier 1216 at intermediate fre-
quency of, for example, 594 MHz. The output of the IF stage
amplifier 1216 is transferred to analog-to-digital converter
(ADC) 1218 which is preferably a 14 bit converter. The other
set of receive and transmit channels are coupled to LO 21202,
which is used for down down-conversion and up-conversion
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through an input mixer 1211 on the receive side and an output
mixer 1236 on the transmit side. For down-conversion, the
input mixer 1211 mixes a signal received from, for example,
an antenna and inputs the mixed signal to amplifier 1213 as
will be appreciated. The output of amplifier 1213 passes
through a bandpass filter element 1215 the output of which is
transferred to amplifier 1217 at intermediate frequency of; for
example, 462 MHz. The output of the IF stage amplifier 1217
is transferred to ADC converter 1219 which is also preferably
a 14 bit converter. It should be noted that the ADC converters
1218 and 1219 are driven, for example, at 132 MHz sampling
by a clock generated from divider 1205, which is coupled to
an LO 3 1203. The LO 1 1201, the LO 2 1202 and the LO 3
1203 are all coupled to a reference source 1204 which gen-
erates, for example, a 2112 MHz clock reference. In such a
way, all the processing elements will be synchronized to a
common clock reference for more accurate processing.

In order to perform additional baseband digital processing
of the received signals, the outputs of the ADC 1218 and the
ADC 1219 are coupled to dedicated signal processing blocks
such as a signal processing block A (SPBA) 1220 and a signal
processing block B (SPBB) 1221. The SPBA 1220 and the
SPBB 1221 are coupled with a signal processing bus 1222.
Optionally, a state machine 1240 can be used to help control
the operation of the repeater by generating an output state or
state vector Si+1 1242 based on a previous state or state vector
Si 1241 as will be appreciated by one of ordinary skill in the
art.

When a packet is ready to be retransmitted, the SPBA 1220
and the SPBB 1221 output the baseband data to the multi-
plexer 1228 which selects the appropriate one of the SPBA
1220 and the SPBB 1221 for output based on which channel
the signal was detected and subsequently processed on. The
output of the multiplexer 1228, which is typically a 14 to 16
bit digital value is coupled to a digital-to-analog converter
(DAC) 1229 which outputs an analog signal. The analog
output of the DAC 1229 is coupled to a low pass filter (LPF)
element 1230 to remove any quantizing noise and the output
of'the LPF element 1230 is coupled as a modulating input to
avector modulator (VM) 1231 a digital IF frequency signal at
for example, 528 MHz to begin up-conversion. The output of
the VM 1231 is input to an amplifier 1232 the output of which
is coupled to a bandpass filter (BPF) element 1233. The
output of BPF element 1233 is coupled to an RF switch 1234
and depending on which channel the information is to be
repeated on, the RF switch 1234 will direct the signal to an
output mixer 1235 or an output mixer 1236, where the modu-
lated IF signal will be mixed with a 3006-3078 MHz signal
from LO 1 1201 or an 1960-2022 MHz signal each with a 5.8
MHz offset. It will further be appreciated that under certain
circumstances, signal samples from the SPBA 1220 and the
SPBB 1221 can be stored in a memory such as a memory
1250.

As will be appreciated by one of ordinary skill in the art, an
exemplary physical layer repeater is capable of receiving two
different frequencies simultaneously, determining which
channel is carrying a signal associated with, for example, the
transmission of a packet, translating from the original fre-
quency channel to an alternative frequency channel and
retransmitting the frequency translated version of the
received signal on the alternative channel. Details of basic
internal repeater operation in accordance with various
embodiments may be found, for example, in co-pending PCT
Application No. PCT/US03/16208.

The physical layer repeater can receive and transmit pack-
ets at the same time on different frequency channels thereby
extending the coverage and performance of the connection
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between an AP and a client, and between peer-to-peer con-
nections such as from one client unit to another client unit.
‘When many units are isolated from one another, the repeater
further acts as a wireless bridge allowing two different groups
of'units to communicate where optimum RF propagation and
coverage or, in many cases, any RF propagation and coverage
was not previously possible.

In order to facilitate the operation of the repeater, and to
replace certain expensive components such as surface acous-
tic wave (SAW) filters, a series of digital signal processing
functions can be used to perform, for example, detection and
delay. As shown in FIG. 13, a physical layer repeater scenario
1300 is shown where various digital filter components are
connected to provide filtering functions. Digital data 1301
received from, for example, an ADC, can be input at a digital
interface 1303 according to data clock 1302 at a clocking rate
of 132 MHz. Portions of the digital signal can be input to an
auxiliary digital filter 1304 the output of which can be used,
inter alia, for power detection at a power detector and com-
parator 1305. The signal level threshold for at least initial or
coarse detection can be established in the power detector and
comparator 1305 with a threshold THRESH_P 1307. The
output of the power detector and comparator 1306 would
accordingly be a signal indicative that the threshold has been
crossed such as a DETECT_P 1308 signal. A coarse channel
width detection signal can also be output as a 20/40 MHz
1309 signal. The digital signal can also be coupled to a corr-
elator detector and comparator 1320, which receives the fil-
tered output signal from the auxiliary digital filter 1304. The
correlator detector and comparator 1320 can be provided with
a comparator threshold input such as a THRESH_C 1306.
The correlator detector and comparator 1320 determines the
presence of orthogonal frequency division multiplexing
(OFDM) and the presence of a barker signal indicating the use
of direct sequence (DS) spread spectrum modulation.
Accordingly, the output of the correlator detector and com-
parator 1320 is an OFDM DETECT signal 1322, a
BARKER_C DETECT signal 1323, and a phase estimate
1321. The correlator detector and comparator 1320 can also
output a more refined indication of the channel width for
example as a 20/40 MHZ signal 1324. The processed outputs
1325 can be forwarded to an 802.11 demodulator.

The digital signal 1301 can also be forwarded to a digital
delay pipeline 1310, where it can be delayed until certain
processing has been conducted as will be appreciated. A 20
MHz digital filter 1312 can be used to process a signal trans-
mitted on a 20 MHz channel or a 40 MHz digital filter 1313
can be used to process a signal transmitted on a 40 MHz
channel. An additional digital filter 1314 can be used to con-
duct additional filtering. The digital filters can be coupled to
each other and to additional signal processing blocks such as
the signal processing blocks A 1220 and B 1221 as shown in
FIG. 12, through an inter signal processing block (ISPB) bus
1311 which is also shown in FIG. 12 as the bus 1222. For
repeating, the output of the appropriate one or more of the
digital filters can be input to multiplexer 1315 where control
inputs for 40 MHz 1318 and 20 MHz 1319 can be used to
select which of the filter outputs will be transmitted. The
output of a modulator can also be coupled to the multiplexer
1315 for transmitting information demodulated from the sig-
nal if appropriate. The output of the multiplexer 1315 is input
to a frequency converter and interpolator 1316 for up conver-
sion and output at 1330 to the RF transmitter section (not
shown).

One of ordinary skill in the art will recognize that as noted
above, slightly different techniques can be used to implement
various portions of the discrete time analog bandpass filter
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including filters, switches, delay lines, and the like in the
present invention. Additionally, various components, could
be combined into a single integrated device such as a mixed
signal integrated circuit or the like. Other changes and alter-
ations to specific components, and the interconnections
thereof, can be made by one of ordinary skill in the art without
deviating from the scope and spirit of the present invention.

What is claimed is:

1. A repeater for conducting a repeating operation in an
environment associated with a wireless network, the repeat-
ing operation including receiving a signal associated with a
packet and transmitting the packet without modification of
one or more of a source address and a destination address
contained in the packet, the repeater comprising:

adigital baseband section including a signal processor and

a detector; and

aprocessor coupled to and capable of controlling the base-

band section, the processor configured to:

detect the presence of the signal associated with the
packet on one of at least two frequency channels; and

delay the repeating operation using the signal processor,

wherein the signal processor includes a digital delay line
and a digital filter and wherein the detection and delay
are performed in parallel during the repeating opera-
tion.

2. The repeater according to claim 1, wherein the signal
processor includes one or more of: a preliminary filter stage
configured to perform one of a decimation function and a
delay function associated with the signal to provide a deci-
mated signal; an intermediate filter stage configured to per-
form a bandpass filtering of the decimated signal to provide a
filtered signal; and a terminal filter stage configured to pro-
vide one or more of an interpolation and a delay of the filtered
signal to provide an output signal.

3. A repeater according to claim 2, wherein one of a sam-
pling rate, a center frequency, a pass bandwidth, a stop band-
width, a stop band attenuation, a group delay, and a frequency
response associated with the one or more of the preliminary
filter stage, the intermediate filter stage, and the terminal filter
stage is adjustable.

4. A repeater in accordance with claim 2, wherein a stop
band attenuation associated with the one or more of the pre-
liminary filter stage, the intermediate filter stage, and the
terminal filter stage is adjustable, wherein different predeter-
mined stop band attenuation adjustment values are associated
with different frequency ranges so as to reject known signals.

5. A repeater in accordance with claim 2, wherein a fre-
quency response associated with the one or more of the pre-
liminary filter stage, the intermediate filter stage, and the
terminal filter stage is adaptive so as to minimize an error
signal generated in the one or more of the preliminary filter
stage, the intermediate filter stage, and the terminal filter
stage.

6. A repeater in accordance with claim 1, wherein the
digital delay line includes a continuous amplitude sampled
delay line.

7. A repeater in accordance with claim 1, wherein the
digital filter includes a continuous amplitude filter.

8. A repeater in accordance with claim 1, wherein the
digital filter is coupled to one or more of a resistor ratio and a
variable resistive structure, each including a Field Effect
Transistor and being capable of generating a sum of weighted
currents derived from an output of the digital delay line.
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9. A repeater in accordance with claim 1, wherein:

the digital delay line generates a plurality of samples; and

the detector is coupled to the digital delay line in parallel

with the digital filter, the detector configured to use the
plurality of samples for the detection.

10. A repeater in accordance with claim 1, wherein the
digital delay line is configured to compensate for a detection
delay associated with the detector such that a control action
associated with the repeater operation is capable of being
performed prior to the signal being available at an output of
the digital delay line.

11. A repeater in accordance with claim 1, wherein the
detector includes one or more of a correlator, a power detec-
tor, and an automatic gain control circuit.

12. A repeater in accordance with claim 1, wherein the
detector includes a power detector and an automatic gain
control circuit, the power detector generates a power detec-
tion output signal, and wherein the automatic gain control
circuit is configured to process the power detection output
signal.

13. A discrete-time digital filter for a repeater repeating a
signal associated with a packet in an RF digital communica-
tions environment, the discrete-time digital filter comprising:

a detection unit configured to receive a detection signal;

and

a delay line configured to delay the repeating of the signal

an amount of time sufficient to conduct at least one
control function associated with the repeating,

wherein the detection unit and the delay line are configured

to operate in parallel during the repeating.

14. A discrete-time digital filter in accordance with claim
13, further comprising:

apreliminary filter stage configured to provide one or more

of a decimation and a delay of the transmit signal to
provide a decimated transmit signal;

an intermediate filter stage configured to bandpass filter the

decimated transmit signal to provide a filtered deci-
mated transmit signal; and

a terminal filter stage configured to provide one or more of

an interpolation and a delay of the filtered decimated
transmit signal,

wherein the digital delay line and the detection unit are

configured to operate in parallel with one or more of the
preliminary filter stage, the intermediate filter stage, and
the terminal filter stage.

15. A discrete-time filter in accordance with claim 14,
wherein one of a sampling rate, a center frequency, a pass
bandwidth, a stop bandwidth, a stop band attenuation, a group
delay, and a frequency response associated with the one or
more of the preliminary filter stage, the intermediate filter
stage, and the terminal filter stage is adjustable.

16. A discrete-time filter in accordance with claim 14,
wherein a stop band attenuation associated with the one or
more of the preliminary filter stage, the intermediate filter
stage, and the terminal filter stage is adjustable, wherein
different predetermined stop band attenuation adjustments
are associated with different frequency ranges so as to elimi-
nate known interfering signals from the transmit signal.

17. A discrete-time filter in accordance with claim 14,
wherein a frequency response associated with the one or more
of the preliminary filter stage, the intermediate filter stage,
and the terminal filter stage is adaptive so as to minimize an
error signal generated in the one or more of the preliminary
filter stage, the intermediate filter stage, and the terminal filter
stage.
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18. A discrete-time filter in a wireless repeater, comprising:
a digital detector,
a digital delay line; and
multiple filter stages including a decimating filter, an inter-
polating filter, and a single-rate filter,
wherein
the digital detector, the digital delay line, and the mul-
tiple filter stages are configured to operate in parallel,
and
a passband associated with the discrete time filter is
translated between a first frequency range and a sec-
ond frequency range by multiplying a frequency char-
acteristic associated with the decimating filter, the
interpolating filter, and the single-rate filter by a peri-
odic signal.
19. A repeater for conducting a repeating operation in an

environment associated with a wireless network, the repeat-
ing operation including receiving a signal associated with a
packet and transmitting the packet without modification of
one or more of a source address and a destination address
contained in the packet, the repeater comprising:

means for detecting the presence of the signal associated
with the packet on one of at least two frequency chan-
nels; and

means for delaying the repeating operation using the signal
processor, wherein the signal processor includes a digi-

5
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tal delay line and a digital filter and wherein the detec-
tion and delaying performed by the means for detecting
and the means for delaying, respectively, are performed
in parallel during the repeating operation.

20. The repeater of claim 19 wherein the means for delay-
ing delays the transmission of the packet an amount of time
sufficient to conduct at least one control function associated
with the repeating operation.

21. A method of operating a repeater to conduct a repeating
operation in an environment associated with a wireless net-
work, comprising:

receiving a signal associated with a packet;

detecting the presence of the signal associated with the

packet on one of at least two frequency channels;
delaying a transmission of the packet; and

transmitting, after the delay, the packet without modifica-

tion of one or more of a source address and a destination
address contained in the packet,

wherein the detecting step and delaying step are performed

in parallel.

22. The method of claim 21, wherein the delaying step
delays the transmission of the packet an amount of time
sufficient to conduct at least one control function associated
with the repeating operation.
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